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PHWDPRUSKLVP RI SUH$OSLQH DJH HJ %RTXHW  %DXGLQ  &DE\   *RXIIRQ
WKHJUDGHRIWKH$OSLQHPHWDPRUSKLFLPSULQWLVVWLOOXQGHUGLVFXVVLRQ%DXGLQDVFULEHG
HSLGRWHEOXHVFKLVW IDFLHV FRQGLWLRQV WR D ¿UVW DOSLQHPHWDPRUSKLF VWDJH DQG SRVWXODWHG SUHVVXUHV
DURXQGNEDUDW WHPSHUDWXUHVEHWZHHQ&DQG&%RTXHW H[WHQVLYHO\ VWXGLHG
PLQHUDO FRPSRVLWLRQV DQG GHVFULEHG ODUJH DPRXQWV RI SUH$OSLQH JDUQHW DQG DPLQRU DPRXQW RI
$OSLQHJDUQHWEHVLGHV7KLVDXWKRUDOVRLQIHUUHG$OSLQHHSLGRWHEOXHVFKLVWFRQGLWLRQVIRUWKH5XLWRU
















WKHPRVW H[WHUQDOSDUWRI WKH%ULDQoRQQDLVSDOHRJHRJUDSKLFGRPDLQZKLFK LV VHSDUDWHG IURP WKH



































































PLFDVFKLVWV DQGSDUDJQHLVVHV7KH ODWWHU GLVSOD\ D SRO\SKDVHPHWDPRUSKLF LPSULQW 'HVPRQV	





7KH 5XLWRU XQLW GRPLQDQWO\ FRQVLVWV RI SUH3HUPLDQ JDUQHWPLFDVFKLVWV DQG SDUDJQHLVVHV
ZLWKDEXQGDQWLQWHUFDODWHGPHWDEDVLWHV%DXGLQ7KHUHLVGH¿QLWHO\DQ$OSLQHPHWDPRUSKLF











































)RXUVDPSOHVRQHRI WKH=RQH+RXLOOqUHXQLWRQHRI WKH5XLWRUXQLWDQGWZRRI WKH,QWHUQDOXQLW




EXON URFNGDWDRI WKH VWXGLHGVDPSOHVDUH VXPPDUL]HG LQ7DEOH DQG UHSUHVHQWDWLYHPLFURSUREH
DQDO\VHVDUHJLYHQLQ7DEOH
$¿UVWVDPSOH5XLFROOHFWHGLQWKHLQWHUQDO=RQH+RXLOOqUHXQLWQHDUWKHWHFWRQLFFRQWDFWWRWKH
5XLWRUXQLW LVDKLJKO\GHIRUPHGPHWDDUNRVH IURPWKH6WHIDQR$XWXQLHQ LH WKHXSSHUVHTXHQFH
RI WKH&DUERQLIHURXVVHGLPHQWV7KLV$OULFK $O2PHWDDUNRVHFRQWDLQV WRRI
IHUURPDJQHVLDQ )H20J20Q2 DQG DONDOLQH .21D2 LQGLFDWLQJ EXON URFN FKHPLVWU\





























0LFURVWUXFWXUHV )LJXUH D VKRZV WKH LQWHQVH PDLQ IROLDWLRQ 6 GH¿QHG E\ PDLQO\ TXDUW] DQG
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3HUPLDQ WR(DUO\0LRFHQH " UHGGLVK TXDUW]LWH FURSSLQJRXW LQ9DO GL5KrPHV &LJROLQL 
,QWKLVTXDUW]LWHWZRGLIIHUHQWPLQHUDORJLFDODVVHPEODJHVRFFXU,QWKHVDPSOH&UHWWKH





























































































7HVWLPDWHV&DOFXODWHGHTXLOLEULXPDUHGRQH LQ WKH.)0$6+V\VWHPZLWK WKHIROORZLQJSKDVHV
FKORULWH JDUQHW SKHQJLWH FKORULWRLG DQG TXDUW] 37 HVWLPDWHV HYLGHQFH JUHHQVFKLVWPHWDPRUSKLF
FRQGLWLRQV DURXQGNEDU DQG & )LJ 7KHVH HVWLPDWHV DUH FRQVLVWHQWZLWK HYLGHQFHV IRU
















































































,QWHUVHFWLRQV GLVFDUGHG ZLWK VORSH GLIIHUHQFHV OHVV WKDQ
1XPEHU RI LQGHSHQGHQW UHDFWLRQV  
 $O&HO   3UO   D4]  0V  &WG9  :
 $OP   3UO  :   )H&WG   D4]
 3US   3UO  :   0J&WG   D4]
  )H&WG  $7G  $OP  0V  0J&WG   :
  0J&WG  $7G  3US  0V   :
  $O&HO   3UO   D4]  3\   0V   :
  0J&WG  $OP  3US   )H&WG



































$OWKRXJK FKORULWH LV FOHDUO\ D UHWURJUDGH SURGXFW LWV SUHVHQFH DORQH LV QRW VXI¿FLHQW IRU IXUWKHU




)LJXUH F VKRZV WKH HTXLOLEULXP SKDVH GLDJUDP FDOFXODWHG LQ WKH .21D2&D2)H2
0J2$O26L2+2 V\VWHP IRU VDPSOH&UHW ,Q WKLV VDPSOH WKH+3PLQHUDO DVVHPEODJH LV
FRPSRVHGRI&WG*UW3KH4]7KLVDVVHPEODJHLVRQO\VWDEOHLQDVPDOO¿HOGEHWZHHQDQG
NEDUDW&)LJFZKLFKLVOLPLWHGE\WKHVDPHUHDFWLRQVDVGHVFULEHGIRUWKHSUHYLRXV

































































































































































































































































































































































,Q VXPPDU\ WKH 37 LQYHVWLJDWLRQV RQ WKH SRVW+HUF\QLDQ VHGLPHQWV RI WKH%ULDQoRQQDLV
WHUUDQHDORQJ WKH(&256&523SUR¿OH FOHDUO\ VKRZ WKDW HDFK WHFWRQLFXQLW UHFRUGHGDGLIIHUHQW
PHWDPRUSKLFKLVWRU\)LJ:HREVHUYHDQLQFUHDVHLQSHDNSUHVVXUHPHWDPRUSKLFFRQGLWLRQVIURP
JUHHQVFKLVWIDFLHVFRQGLWLRQVLQWKH1RUWKZHVW=RQH+RXLOOqUHWRWKHWUDQVLWLRQEHWZHHQEOXHVFKLVW
























RI a NEDU LQ SHDN SUHVVXUH EHWZHHQ WKH5XLWRU XQLW DQG WKH=RQH+RXLOOqUH XQLW WR UHSUHVHQW D
PHWDPRUSKLFGLVFRQWLQXLW\DWWKHWHFWRQLFFRQWDFWFUHDWHGGXULQJ'QDSSHVWDFNLQJ
37GSDWKV
:KLOH LQ WKH DOO VWXGLHG VDPSOHV +3 PLQHUDO DVVHPEODJHV SUHVHUYHG DV PLFUROLWKRQV RU
LQFOXVLRQVDUHFRQWHPSRUDQHRXVWRWKH¿UVWSKDVHRIGHIRUPDWLRQ'WKHPDLQIROLDWLRQDWWULEXWHG
WR' LVXQGHUOLQHGE\ WKHPLQHUDODVVHPEODJHV3KH&KO&]R LQ WKH3HUPR7ULDVVLFFRYHURI WKH










































































































































,Q WKH:HVWHUQ$OSV WKH SDOHRJHRJUDSKLF VLJQL¿FDQFH DQG WKHPHWDPRUSKLF HYROXWLRQ RI
WKH%ULQoRQQDLVPLFURFRQWLQHQWKDYHDOZD\VEHHQVXEMHFWWRGHEDWH6WDPSÀL0RQLp
,Q WKH VRXWKZHVWHUQ$OSV D+3 LPSULQW LVZHOO GRFXPHQWHG E\ RFFXUUHQFHV RI )H0JFDUSKROLWH
*RIIp*RIIpHWDO*RIIp	&KRSLQDUDJRQLWH *RIIp	9HOGH
























RQO\RIPLQHUDORJLFDO LQWHUHVWEXW DOVRSURYLGHVXVZLWK¿QH WRROV IRUGLVVHFWLQJ WKHJHRG\QDPLF
HYROXWLRQ RI PRXQWDLQ EHOWV :H GRFXPHQWHG WKDW D GHWDLOHG PHWDPRUSKLF KLVWRU\ DQG DQ +3
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ZHUH FD & ,Q FRQYHQWLRQDO ³WKHUPRFKURQRORJ\´ WKLV LV D FODVVLFEXWSDUDGR[DQGXQOLNHO\FDVHRI
&UHWDFHRXV(R$OSLQHKLJKSUHVVXUHPHWDPRUSKLVPJLYLQJ\RXQJHU³FRROLQJDJHV´LQWKHKLJKHUWHPSHUDWXUH
VDPSOHV ,Q WKLV WKHRUHWLFDO IUDPHZRUN(RFHQH/X+IDQG6P1GDJHVFDQQRWEXWEH LQWHUSUHWHGDVSRVW
PHWDPRUSKLFFRROLQJDJHV
+RZHYHU LI RQH IRFXVHV RQ SHWURORJ\ LW LV VHHQ WKDW IURP:HVW WR (DVW WKHUH LV DPLQHUDORJLFDO























4XDQWLI\LQJ UDWHV RI SURFHVVHV GXULQJ WKH HYROXWLRQ RI RURJHQV UHTXLUHV GDWLQJ 2QH
FKDOOHQJLQJWDVN LVGDWLQJGHIRUPDWLRQSKDVHV LQ ODUJHEDVHPHQWFRYHUDVVHPEOLHV WKDWXQGHUZHQW
SRO\SKDVHPHWDPRUSKLVP0DQ\ OLWHUDWXUH VWXGLHV RQO\ DGGUHVVHG IRU H[DPSOH WKH GHIRUPDWLRQ
KLVWRU\RUVLQJOHSRLQWVDORQJD37SDWKZLWKLQDVLQJOHWHFWRQLFXQLWEXWRIWHQGLGQRWIXOO\LGHQWLI\










































































































































































































7HPSHUDWXUH & 7HPSHUDWXUH & 7HPSHUDWXUH & 7HPSHUDWXUH & 7HPSHUDWXUH &
6(1:















































































































7KH ODVW GXFWLOH GHIRUPDWLRQ SKDVH' SURGXFHG ODUJH VFDOH SRVWQDSSH IROGLQJ %XFKHU
HWDOD%XFKHUHWDOD$OO WKHPDMRUWHFWRQLFFRQWDFWVDUHFOHDUO\UHIROGHGE\'DQG
KHQFH DVFULEHG WR'7KHUHIRUH GDWLQJ RI WKHVHP\ORQLWHV DOORZV WR DVVLJQ WKH DJH WR' 1R









:KLWHPLFDV DUH HQULFKHGE\ VWDQGDUGPDJQHWLF DQGJUDYLPHWULF WHFKQLTXHV WKHQ IXUWKHU SXUL¿HG
E\ KDQG SLFNLQJ IRU GLIIHUHQW JUDLQ VL]H IUDFWLRQV EHWZHHQ  ȝP 7KH GHWDLOHG SURFHGXUH
RI$U$UDQDO\VHVLVGHVFULEHGE\%HOOXVRHWDO7KH$U$UWHFKQLTXHSURYLGHVWKH
SRVVLELOLW\ WRPRQLWRU WKH FKHPLFDO VLJQDWXUH RI HDFK VWHS EHFDXVH $U $U $U LVRWRSHV DUH
SURGXFHGE\UHDFWLRQVZLWKWKHLVRWRSHVRIFDOFLXPFKORULQHDQGSRWDVVLXP7KHVHWKUHH$ULVRWRSHV











SKHQJLWHPL[WXUHE\9LOODHWDO %\VXSSOHPHQWLQJ WKHFKHPLFDO LQIRUPDWLRQSURYLGHGE\
$ULVRWRSH V\VWHPDWLFV ZLWK WKH PLFURFKHPLFDO DQDO\VHV SURYLGHG E\$(0 DQDO\WLFDO HOHFWURQ
PLFURVFRS\RU(03HOHFWURQPLFURSUREHDJHVFDQEHPRGHOHGE\H[WUDSRODWLQJWRHQGPHPEHU


























,Q D ¿UVW VDPSOH 5XL IURP WKH YHU\ H[WHUQDO SDUW RI WKH=RQH+RXLOOqUH XQLW FORVH
WR WKH+RXLOOHU)URQW )LJVDE WKHSUHVHQFHRIGHWULWDOPLFDV LVREYLRXV LQ WKLQ VHFWLRQ7KH





$ VHFRQG VDPSOH /Q GHULYHV IURP WKH LQWHUPHGLDWH =RQH+RXLOOqUH XQLW ZHUH WKH
LQWHQVLW\RIWKH$OSLQHGHIRUPDWLRQLVUHODWLYHO\KLJKHUWKDQLQWKHYHU\H[WHUQDOSDUW1HRFU\VWDOOL]HG
ZKLWHPLFDLVVWLOOVXERUGLQDWHEXWWKHLQGLYLGXDOJUDLQVDUHODJHUWKDQLQWKHSUHYLRXVO\GHVFULEHG

































































































FRQWHQWVRI'PLFDV DUHKLJKHU WKDQ DQG WKRVHRI'PLFDVYDU\EHWZHHQ DQG7KH
VXEVWDQWLDODPRXQWVRILQKHULWHGGHWULWDOPLFDVDUHUHVSRQVLEOHIRUWKHODUJHQXPEHURIPHDVXUHPHQWV
VKRZLQJ6LFRQWHQWVEHORZ)LJJ













EXWDWDFORVHU LWEHFRPHVREYLRXV WKDWUHOLFVRI WKH¿UVWSKDVHRIGHIRUPDWLRQDUHDOVRSUHVHUYHG



















































-lJHUDOORZDQHVWLPDWLRQRI WKH+3DJH7KHDSSOLFDWLRQRI WKLVFODVVLFDODSSURDFKRI WKH
³FORVXUHWHPSHUDWXUH´VXJJHVWVWKDWWKH+3PXVWEHROGHUWKDQWKH$U$UDJHVRFFXUULQJLQWKH












































































































































WKHQZRXOG SDUDOOHO WKH SHWURORJLVWV¶ ¿QGLQJV RI LQFUHDVLQJ QXPEHUV RI SRO\JHQLF GLVHTXLOLEULXP










7KH PLVPDWFK EHWZHHQ 3XUG\ 	 -lJHU¶V  FDOLEUDWLRQ DQG LQGHSHQGHQW FKHFNV LV
PDGHFOHDUE\ WKHSURJUHVV UHSRUWVE\SHWURORJLVWV UHJDUGLQJ WKH LPSURYHG WHPSHUDWXUHHVWLPDWHV




7KH FODVVLFDO ³FORVXUH WHPSHUDWXUH´ 7F DSSURDFK 'RGVRQ  DVVXPHV WKDW IRU
PLQHUDOVJURZQDERYHWKH7FGLIIXVLRQLVIDVWHQRXJKWRUHVHWWKHLVRWRSLFFORFNFRQVWDQWO\VRWKDW









LQZKLWHPLFDV DW WHPSHUDWXUHV EHORZ & DQG WKDW WKH VFDWWHU LQ WKH REVHUYHG DJHV LV GXH WR







































WKDW WKH SUHVHUYDWLRQ RI SUH$OSLQHPLFDV LV SULPDULO\ LQGLFDWHG E\ SHWURORJLFDO DQGPLFURSUREH
LQYHVWLJDWLRQVIRUGHWDLOVVHH.HOOHUHWDO6DPSOHZDOOURFNVKRZVDQXSZDUGVFRQYH[





























































































EHWZHHQ WKH SLFNHG DQGXQSLFNHG VHSDUDWHV )LJ F$OWKRXJK WKLV VDPSOH FOHDUO\ FRQWDLQV WZR













































































































































































































































































7KLV VDPSOH IURP WKH LQWHUPHGLDWH=RQH+RXLOOqUHDOVRFRQWDLQV UHOLFWLFGHWULWDOPLFDV )LJ]













PLFDV IRUPHGGXULQJ WKH¿UVW SKDVH RI GHIRUPDWLRQ ' VXUYLYHG WKH VXEVHTXHQWP\ORQLWLVDWLRQ


















































































PLQLPDO DJH IRU '






















































































































FRQWLQXRXVGHFUHDVH IURP0D WR LQ UHODWLRQ WR WKHLU VWUXFWXUDOSRVLWLRQ0D )LJD$OO
VDPSOHVVKRZLQGLFDWLRQVIRUPL[HGDJHV7KHUHVROXWLRQRIWKHFRUUHODWLRQGLDJUDPLVQRWDOZD\V
VXI¿FLHQWWRGHWHUPLQHDOOSRVVLEOHUHVHUYRLUVSUHFLVHO\+RZHYHUWKHLUVLPLODULWLHVVXJJHVWDFRPPRQ



















5'/  LQWHUDJHG DJH   
%H]  LQWHUDJHG DJH   
37  	  LQWHUDJHG DJH      
&HUH  LQWHUDJHG DJH   
&HUH  LQWHUDJHG DJH   
&O.







































9*$ LV DP\ORQLWLF7ULDVVLF TXDUW]LWH FROOHFWHG DW WKH WHFWRQLF FRQWDFW EHWZHHQ WKH ,QWHUQDO
XQLW DQG WKH 3/RFHDQLF XQLW )LJ   7KHVHP\ORQLWHV DVVRFLDWHGZLWK WKH WHFWRQLF FRQWDFW DUH





















































































$UY LV DQ LPSXUH OLPHVWRQH GHULYHG IURP WKH$YLVH V\QIURP &DE\  WKHPRVW H[WHUQDO




































































































































FRUUHODWLRQGLDJUDPLV WKHVDPHIRU WKHSLFNHGDQGXQSLFNHGIUDFWLRQDQGVXJJHVWVDQDJHIRU WKH
\RXQJHUSRSXODWLRQ 'RI0DDQGDQDJHEHWZHHQ DQG0D IRU WKHROGHU '
SRSXODWLRQ)LJI1RWHWKDWWKHYLVXDOHVWLPDWLRQIROORZLQJ:LMEUDQVDQG0F'RXJDOODQG
WKH³UHVHUYRLU´GHWHUPLQDWLRQRIWKH&O.YVDJHGLDJUDPJLYHLGHQWLFDODJHV
,Q VXPPDU\ WKH IROORZLQJ REVHUYDWLRQV FKDUDFWHUL]H WKH 3/ RFHDQLF XQLW L RQO\$OSLQH
GHIRUPDWLRQDJHVDUHREVHUYHGQRLQGLFDWLRQVIRU³H[FHVV´DUJRQRULQKHULWHGDJHVGRRFFXULL






7KH HQWLUH VDPSOH VHOHFWLRQ IURP WKH=RQH+RXLOOqUHXQLW WR WKH3LHPRQW/LJXULDRFHDQLF
XQLWLVFKDUDFWHULVHGE\PL[HGJHQHUDWLRQVRIZKLWHPLFDDQGFRQVHTXHQWO\$U$UPL[HGDJHV
,QWKHH[WHUQDOSDUW=RQH+RXLOOqUHXQLWWHPSHUDWXUHVQHYHUH[FHHGHG&DQGREVHUYHGPL[HG










DQGJUDLQ VL]HRI DOO GDWHG IUDFWLRQV LVȝP7KHUHIRUH WKHGLIIHUHQFH LQ DJHEHWZHHQ WKH






LQQHRIRUPHGZKLWHPLFD7KH OLPLWLQJIDFWRUIRU UHMXYHQDWLRQRIEXON.$UDJHVDSSHDUV WKXV WR
EHWKHH[WHQWRIGHIRUPDWLRQLQGXFHGQHRIRUPDWLRQRIZKLWHPLFD³(QGPHPEHUV´GHGHFWDEOHE\
PLFURFKHPLFDODQDO\VLVSRLQWWRDQDJHRI0DIRU'0DIRU'DQGDGHWULWLF
FRPSRQHQWZLWK DJHV EHWZHHQ 0D DQG 0D7KH W\SLFDO XSZDUGVFRQYH[ DJH VSHFWUD IRU

























































































































































































LQGLFDWH D DFWLYLW\ RI WKH*UHVVRQH\ VKHDU ]RQH *6= DVVRFLDWHGZLWK WRSWRWKH 6( NLQHPDWLFV
EHWZHHQ0DDQG0D5HGG\HWDO'HVSLWHDOOGLIIHUHQFHVLQWKHLQWHUSUHWDWLRQRIWKH
$U$UGDWDWKHSURSRVHGDJHIRUWKH*6=SHUIHFWO\¿WVWKHJHRG\QDPLFPRGHORI%XFKHUHWDO
D D7KHVH DXWKRUV LQWHUSUHW WKH*6= DVVRFLDWHGZLWK WRSWRWKH 6( VKHDULQJ DV WKH
XSSHUERXQGDU\RI WKHH[WUXVLRQFKDQQHOGXULQJ WKH'H[KXPDWLRQ WREHFRQWHPSRUDQHRXVZLWK
WRSWRWKH 1: NLQHPDWLFV RI WKH GLIIHUHQW WHFWRQRPHWDPRUSKLF XQLWV DW WKH ORZHU OHYHOV RI WKH
H[WUXVLRQFKDQQHO' LV LQWHUSUHWHG LQ WKLV VWXG\ WREHDFWLYHEHWZHHQDQG0D LQSHUIHFW
DJUHHPHQWZLWKWKHVWXG\RI5HGG\HWDO)LQDOO\LWLVFRQFOXGHGWKDWWKH$U$ULVRWRSLF
V\VWHPUHFRUGVQRUPDOO\IRUPDWLRQDQGRUGHIRUPDWLRQDJHVLQDJUHHPHQWZLWK$JDUGHWDO














ZHDNO\$OSLQH GHIRUPHG VDPSOHV VKRZ¿UVW LQGLFDWLRQV IRU SUH$OSLQH LQKHULWDQFH EXW LQWHQVHO\
GHIRUPHGVDPSOHVVWLOOVKRZ$OSLQHDJHV ,Q WKH5XLWRUXQLWDOOVDPSOHVFRQWDLQ LQKHULWHGGHWULWDO
JUDLQVDQGDJHVSHFWUDDORQHZRXOGSRLQWWRZDUGVD&UHWDFHRXVDJHEXWPLFURVWUXFWXUDOREVHUYDWLRQV










VHFRQGO\' HFORJLWLF ERXGLQV XQGHIRUPHGGXULQJ'' HFORJLWLF ERXGLQV KDYH XQLIRUP&O.
UDWLRVDQGFRQVWDQWVWHSDJHVRI0D'P\ORQLWHVKDYHDVLPLODUFKHPLFDOO\KRPRJHQHRXV
VLJQDWXUH DQG DQ DJH RI  0D)XUWKHUPRUH WKH VDPSOH5XL IURP WKH WHFWRQLF FRQWDFW





















WRJHWKHUZLWK WKH FRQVLVWHQF\ RI GDWD WKURXJKRXW DOO WHFWRQLF XQLWV DORQJ WKH(&256&523 DQG



































PLFDVRIRQO\RQHJHQHUDWLRQ 'DQG' UHVSHFWLYHO\ DUHSUHVHQW2Q WKH FRQWUDU\ LQ VDPSOHV
ZKHUH PLFURFKHPLFDO DQG PLFURVWUXFWXUDO REVHUYDWLRQV LQGLFDWH LQFRPSOHWH UHFU\VWDOOL]DWLRQ DQG
WKHSUHVHUYDWLRQRIPXOWLSOHSRSXODWLRQVVWDLUFDVHVKDSHGDQGRUXSZDUGVFRQYH[DJHVSHFWUDDUH
REVHUYHG7KLV LVEHVWH[SODLQHGE\ WKH LQWHQVLW\RIGHIRUPDWLRQSOD\LQJDNH\ UROH LQSURPRWLQJ
ZKLWH PLFD UHFU\VWDOOL]DWLRQ ZKLFK FRQWUROV WKH LVRWRSLF DJHV ,Q ZHDNO\ GHIRUPHG DQG SRRUO\
UHFU\VWDOOL]HGVDPSOHVWKHPDVVIUDFWLRQRILQKHULWHGJUDLQVLVYHU\KLJK:KHQHYHUPL[WXUHVVHHP




:H WKDQN RXU FROOHDJXHV IURP WKH ³*URXSH%ULDQoRQQDLV´5DLQHU$EDUW$QQHWW%WWQHU

















































































































































































































'XULQJ WKH ODVW \HDUV WKH GLVFXVVLRQ DERXW WKH DJH RI DOSLQH +3PHWDPRUSKLVP ZDV
UHDQLPDWHG WKURXJK WKH DSSOLFDWLRQ RI GLIIHUHQW QHZ PHWKRGV VXFK DV 83E 6+5,03 DQDO\VLV
RU GDWLQJ ZLWK WKH /X+I LVRWRSLF V\VWHP 1RW RQO\ KDV WKH FRPPRQO\ DFFHSWHG WHUWLDU\ DJH RI
WKH +3PHWDPRUSKLVP LQ WKH $OSV EHHQ QHZO\ GLVFXVVHG EXW DOVR QHZ JHRG\QDPLF PRGHOV
DUJXLQJ IRU H[WUHPHO\ IDVW H[KXPDWLRQ XS WR VHYHUDO FP\U ZHUH SRVWXODWHG 7KHVH DOVR OHG
WR VSHFXODWLRQV DERXW WKH JHQHUDOO\ DFFHSWHG SDOHRJHRJUDSKLF DUUDQJHPHQW RI WKH $OSV HJ





























6DPSOH 9DXG LV IURP DPD¿F ERXGLQ DQG WKH REWDLQHG DJH GDWD VKRXOG LQGLFDWH WKH
DJHRISHDNSUHVVXUHFRQGLWLRQVGXULQJHFORJLWHPHWDPRUSKLVP7KHRWKHUWZRVDPSOHVLQYHVWLJDWHG
DUHPHWDSHOLWHV /DQ DQG/HY IURP WKH ERXGLQPDWUL[ DQG WKHLUPHWDPRUSKLF DJH LV QRW
H[SHFWHGWREHWKHVDPHRQHHLWKHUGXHWRUHWURJUHVVLRQRUDOWHUQDWLYHO\GXHWRPpODQJHIRUPDWLRQ
%XFKHUHWDOFKDSWHUDWWULEXWHGWKHHFORJLWLFPHWDPRUSKLVPSUHVHUYHGLQWKHERXGLQVFRUUHODWHG




7KLV VDPSOH LV IURP WKH LQWHUQDO SDUW RI WKH 3/RFHDQLF XQLW DQG ZDV FROOHFWHG LQ WKH
&RJQH DUHD )LJ  7KLV 6FKLVWHV/XVWUpHV W\SH PHWDVHGLPHQW PHWDSHOLWHPHWDVDQGVWRQH
VKRZV RQO\ PLQRU LQGLFDWLRQV IRU UHWURJUHVVLRQ 7KH GRPLQDQW PLQHUDOV DUH JDUQHW FKORULWRLG
SKHQJLWH DQG SDUDJRQLWH UHSUHVHQWLQJ +3 FRQGLWLRQV HVWDEOLVKHG GXULQJ WKH ¿UVW GHIRUPDWLRQ
SKDVH ' %XFKHU HW DO  $OWKRXJK JDUQHW DQG SKHQJLWH DUH DOVR VWDEOH GXULQJ WKH
UHWURJUDGH SDUW RI WKH 37 SDWK DV ZHOO WKHUH DUH QR LQGLFDWLRQV IRU D VHFRQG SRSXODWLRQ RI
JDUQHW DQG SKHQJLWH QRU IRU RWKHU UHWURJUDGH PLQHUDOV H[FHSW IRU PLQRU DPRXQWV RI FKORULWH
7KHRUHWLFDOO\ WKLV VDPSOH LV WKHUHIRUH VXLWDEOH IRU YHULI\LQJ WKH DJHRI+3PHWDPRUSKLVP LQ WKH
































































KRUQEOHQGH WLWDQLWH DQGHSLGRWH]RLVLWHEHLQJ IRUPHGE\ UHDFWLRQV WKDW IROORZHGSHDNFRQGLWLRQV
0HWDVHGLPHQWVDPSOH/HY

7KLV VDPSOH DOVR GHULYHV IURP WKH PHWDVHGLPHQWV 6FKLVWHV /XVWUpHV RI WKH 3/RFHDQLF
XQLW DQG ZDV FROOHFWHG LQ DQ LQWHUPHGLDWH VWUXFWXUDO SRVLWLRQ )LJ  ,Q FRQWUDVW WR WKH RWKHU
PHWDVHGLPHQWDU\ VDPSOH /DQ LW VXIIHUHG VXEVWDQWLDO UHWURJUHVVLRQ DORQJ WKH UHWURJUDGH SDWK
7KLV LV HYLGHQFHG E\ WKH RFFXUUHQFH RI HSLGRWHFOLQR]RLVLWHDQG D VHFRQG SRSXODWLRQ RI SKHQJLWH
















/X+I DQG 6P1G IUDFWLRQV ZHUH VHSDUDWHG IURP RQH VLQJOH VDPSOH GLJHVW IROORZLQJ
WKH SURFHGXUH GHVFULEHG E\ .OHLQKDQQV HW DO  0HDVXUHG YDOXHV IRU +I LQKRXVH
VROXWLRQ LVRWRSLFDOO\ LQGLVWXLQJXLVKDEOH IURP -0&  .OHLQKDQQV HW DO  ZHUH
  DQG  IRU +I+I +I+I DQG +I+I UHVSHFWLYHO\
$ 1G LQKRXVH VROXWLRQ JDYH YDOXHV RI   DQG  IRU
1G1G 1G1G DQG 1G1G UHVSHFWLYHO\ 7KH 1G1G UDWLR RI WKH LQKRXVH






LQWR DFFRXQW7R DOORZSUHFLVH GDWLQJRI RQH VSHFL¿FPHWDPRUSKLF HYHQW RQO\SKDVHV UHRSHQHG
RUFUHDWHGDW WKDWHYHQWDUH WREHXVHG ,QDGGLWLRQ WKH LQÀXHQFHRI UHWURJUHVVLRQ LQ WKHSUHVHQFH
RIÀXLGVDQGRURI LQKHULWHGPLQHUDOVDV IRUH[DPSOH]LUFRQPRQD]LWHDQGDSDWLWH LVQRW\HWZHOO
XQGHUVWRRGHJ-DJRXW]HWDO1lJOHUHWDO6FKHUHUHWDO7RDYRLGWKLVSUREOHP
GLIIHUHQWPLQHUDOSKDVHVRIWKH+3PLQHUDODVVHPEODJHWKDWZHUHFDUHIXOO\REVHUYHGLQWKLQVHFWLRQV
LQ RUGHU WR HVWLPDWH WKH DPRXQW RI LQKHULWDQFH DQGRU FU\VWDO GDPDJHVZHUH DQDO\VHG IRU GDWLQJ
,Q WKH IROORZLQJ WKH UHVXOWV RI WKH WKUHH GDWHG VDPSOHV ZLOO EH GLVFXVVHG LQGLYLGXDOO\
7KH /X+I DQG 6P1G GDWD IRU ZKROH URFN DQG PLQHUDO VHSDUDWHV DUH SUHVHQWHG LQ 7DEOHV 













)URP VDPSOH /DQ WZR GLIIHUHQW VL]H IUDFWLRQV RI JDUQHW 
P DQG P DQG JODXFRSKDQH ZHUH DQDO\VHG LQ DGGLWLRQ WR :5
*ODXFRSKDQH DQGJDUQHW FOHDUO\ UHSUHVHQW SHDN SUHVVXUH FRQGLWLRQV LQ WKLV VDPSOH







7KLV LV VXSSRUWHG E\ D FRPSDULVRQ RI JODXFRSKDQH DQG:5 KDYLQJ VLJQL¿FDQWO\ GLIIHUHQW +I
+IUDWLRVIRUVLPLODU/X+IUDWLRV7KLVLPSOLHVLQKHULWDQFHRI'XQHTXLOLEUDWHGPDWHULDOLQ
WKH:57KH REVHUYDWLRQ WKDW:5 LV QRW LQ HTXLOLEULXPZLWK WKH+3DVVHPEODJH LV UHSRUWHG E\
VHYHUDODXWKRUVHJ7K|QLDQG-DJRXW]0RUHRYHU6FKHUHUHWDO EDVHGRQDVWXG\
H[DPLQLQJ WKH LQÀXHQFH RI LQFOXVLRQV FRQFOXGH WKDW:5 VKRXOG EH H[FOXGHG DQG RQO\PLQHUDOV
EHLQJ SDUW RI WKH +3DVVHPEODJH VKRXOG EH XVHG IRU DJH GHWHUPLQDWLRQV RI +3PHWDPRUSKLVP
6LPLODUFRQFOXVLRQVDUHUHDFKHGE\7K|QL	-DJRXW]UHJDUGLQJWKH6P1GLVRWRSLFV\VWHP
)ROORZLQJ WKHVH VXJJHVWLRQV:5ZDV H[FOXGHGZKLFK UHVXOWV LQ D /X+I JDUQHW ± JODXFRSKDQH
DJHRI0DIRU*OQ*UWDQGRI0D*OQ*UW)LJD$JHGLIIHUHQFHV
EHWZHHQ WZRGLIIHUHQW JDUQHW VL]H IUDFWLRQV DUH UHSRUWHGE\RWKHU DXWKRUV DVZHOO DQG FRPPRQO\
H[SODLQHG E\ WKH SUHVHQFH RI LQFOXVLRQV $OWKRXJK WKH PHDVXUHG IUDFWLRQV ZHUH SXUL¿HG E\
KDQGSLFNLQJLQRUGHUWRH[FOXGHLQFOXVLRQVDVSUHDGLQLVRWRSLFUDWLRVLVREVHUYDEOH)LJD7DE
 VXJJHVWLQJ WKHSUHVHQFHRIYHU\VPDOORSWLFDOO\QRWGHWHFWDEOH LQFOXVLRQV*HQHUDOO\ IUDFWLRQV
ZLWK WKHKLJKHU /X+I UDWLRVDUH LQWHUSUHWHGDV WKHSXUHU IUDFWLRQV7KHUHIRUH WKH*UW*OQ






6P FRQWHQWV UDQJH IURP SSP LQ JODXFRSKDQH WR  SSP LQ WKH ODJHU JDUQHW IUDFWLRQ
*UWUHVSHFWLYHO\7DEOH1GFRQFHQWUDWLRQVYDU\IURPSSPLQWKHODUJHUJDUQHWIUDFWLRQ







,Q WKLV VDPSOH :5 WZR JDUQHW VL]H IUDFWLRQV S\UR[HQH RPSKDFLWH DQG JUHHQ
KRUQEOHQGH ZHUH DQDO\VHG *DUQHW JODXFRSKDQH DQG S\UR[HQH UHSUHVHQW WKH +3PLQHUDO
DVVHPEODJH 7KH RYHUJURZWK RI JODXFRSKDQH E\ JUHHQ KRUQEOHQGH GXULQJ UHWURJUHVVLRQ FRXOG
LQÀXHQFH WKH LVRWRSLF FRPSRVLWLRQ RI WKH IRUPHU 7KHUHIRUH JODXFRSKDQH ZDV QRW DQDO\VHG
/XDQG+IFRQWHQWV7DEDUHLQWKHVDPHUDQJHDVLQVDPSOH/DQ7KHVDPHFDQEH















































































































































































































7KHUHIRUH LW FRXOG EH VSHFXODWHG WKDW WKLV VDPSOH VXIIHUHG SDUWLDO UHWURJUHVVLRQ DW WKDW VWDJH
:KLWHPLFDVIURPWKLVVDPSOHGDWHGE\$U$ULQFUHPHQWDOKHDWLQJ%XFKHUHWDOFKDSWHU
RI WKLV WKHVLV VKRZDSODWHDXDJHRI0D3HWURORJLFDODQGPLFURVWUXFWXUDOREVHUYDWLRQV
VXJJHVW WKDW WKHVHZKLWHPLFDVSRVWGDWHJDUQHWJURZWKEXW WKDW WKH\SUHGDWH' a0D$U























































&RQVLGHULQJ WKH VXEVWDQWLDO UHWURJUHVVLRQ DQG WKH HYLGHQFHV IRU D VHFRQG SRSXODWLRQ RI
PDLQO\SKHQJLWH DQGSRVVLEO\PLQRU DPRXQWV RI JDUQHW WKH DJHRI 0D LV LQ DJUHHPHQW
ZLWK HVWLPDWHV IRU WKH HFORJLWL]DWLRQ DJH SURYLGHG E\ WKH SUHYLRXVO\ GLVFXVVHG VDPSOHV 7KH
³FRQWDPLQDWLRQ´ E\ WKH VHFRQG DQG \RXQJHU SRSXODWLRQV PXVW UHVXOW LQ D VOLJKWO\ \RXQJHU DJH
H[DFWO\ DV LV REVHUYHG)XUWKHUPRUH(S FOHDUO\ DWWULEXWHG WR WKH V\Q' UHWURJUHVVLRQ LV SDUW
RI WKH*UW+JO LVRFKURQDQG WKLVDOVRSRLQWV WRD³PL[HGDJH´LVRFKURQ )LJH'HVSLWH

























































6DPSOH  5RFNW\SH  JUW+3
  JUW:5  JUW:5 
/DQ PHWDSHOLWH   QHJVORSHLPSRVVLEOH
 
9DXG PDWDEDVLWH   
/HY PHWDSHOLWH  QHJVORSH QHJVORSHLPSRVVLEOH

























7KHGLIIHUHQFHEHWZHHQ/X+I DQG6P1GRIa0DERWK LQWHUSUHWHG WRGDWHSHDNSUHVVXUHV LV
VLJQL¿FDQW7KHUHIRUH/DSHQHWDOFRQFOXGHGWKDWWKH/X+ILVRWRSHV\VWHPRQO\GDWHVLQLWLDO
SURJUDGH JDUQHW JURZWK DQG WKDW RQO\ 6P1G GDWHV SHDN SUHVVXUH FRQGLWLRQV&RQVHTXHQWO\ WKH
DERYHPHQWLRQHGDXWKRUV LQWHUSUHWHGa0DDV WKH WLPHIRUSHDNSUHVVXUHFRQGLWLRQV LQ WKH3/
RFHQDLFXQLW+RZHYHU LQWHUSUHWDWLRQRI/DSHQHW DO  VWURQJO\FRQWUDVWV WKH UHVXOWVRI WKLV
VWXG\DQGWKRVHRIWKH$U$UVWXG\SUHVHQWHGE\%XFKHUHWDOVHHFKDSWHU6DPSOH9DXG
VKRZVD/X+IDJHRI+3FRQGLWLRQVRI0DDQGD$U$USODWHDXDJHRI0DIRU


























































































































































































































VLJQL¿FDQWO\\RXQJHU/X+IJDUQHW DJHRI0D IURPVDPSOH/HY UHSUHVHQWV DPL[HG
DJHGXHWRWKHVXEVWDQWLDOUHWURJUHVVLRQDQGRUWKHSUHVHQFHVRIJDUQHWDQGPLFDJURZQGXULQJ'
%HFDXVHPLQHUDOVIRUPHGGXULQJUHWURJUHVVLRQDUHQRWLQHTXLOLEULXPZLWKWKH+3PLQHUDOV
EXW LQFOXGHG LQ WKH:5PHDVXUHPHQW D ODUJH RIIVHW IRUP WKH UHJUHVVLRQ LQ WKH LVRFKURQ SORW LV
REVHUYHGLQVDPSOH/HYIRU:56DPSOH9DXGDQG/DQODUJHO\HVFDSHGIRUPRVWSDUWV
UHWURJUHVVLRQ DQG +3 PLQHUDOV NHSW WKHLU RULJLQDO LVRWRSLF VLJQDWXUH ,Q VDPSOH 9DXG ZHDN
RYHUSULQWLQJ GXULQJ UHWURJUHVVLRQ OHDGV WR D SDUWLDO HTXLOLEUDWLRQ RI WKH:5 DQG VRPH JDUQHWV
*UW DV H[SUHVVHG E\ D VHFRQG VRPHZKDW VSHFXODWLYH UHJUHVVLRQ SRLQWLQJ WR DQ DJH RI 
0D:KLWHPLFD$U$UDQDO\VHVRI'P\ORQLWHVDOVRVKRZDQDJHRI0D%XFKHUHWDOVHH




6XEVWDQWLDO IXQGLQJ E\ WKH 6ZLVV 1DWLRQDO 6FLHQFH )RXQGDWLRQ SURMHFW 
 DQG SUHFXUVRU SURMHFWV VLQFH  LV JUDWHIXOO\ DFNQRZOHGJHG -DQ .UDPHUV
6WHIDQ 6FKPLG ,JRU 9LOOD /XNDV .HOOHU DQG &KULVWLDQ GH &DSLWDQL DUH WKDQNHG IRU
IUXLWIXO GLVFXVVLRQV DQG FRQVWUXFWLYH FULWLFLVP DQ HDUOLHU YHUVLRQ RI WKH PDQXVFULSW

/X+IJHRFKURQRORJ\LQWKH3LHPRQW/LJXULDRFHDQLFGRPDLQ:HVWHUQ$OSV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7DEOH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7KHUHE\ WKH VWUXFWXUDO SHWURORJLFDO DQG JHRFKURQRORJLFDO GDWD REWDLQHG ZLOO EH SUHVHQWHG
FKURQRORJLFDOO\DQGLQWHJUDWHGLQWRWKHWHFWRQLFHYROXWLRQDVGHULYHGIURPWKHVWUXFWXUDODQDO\VLV
7KUHHGXFWLOHGHIRUPDWLRQSKDVHV ''DUH LQGLFDWHG LQ WKHVWXG\DUHD LQFRUSRUDWLQJ WKH1:










SUHVVXUH DQG WHPSHUDWXUH FDQRQO\EH HVWLPDWHGEDVHGRQJHREDURPHWU\RURQ HTXLOLEULXPSKDVH
GLDJUDPV  3HDN SUHVVXUH FRQGLWLRQVZHUH HVWLPDWHG XVLQJ WKH VRIWZDUH SDFNDJHV'20,12 DQG
7:4,QWKHPRVWH[WHUQDOXQLWWKH=RQH+RXLOOqUHXQLWWKHPLQHUDODVVHPEODJHFRQVLVWLQJRI0Q
ULFK JDUQHWSKHQJLWHFKORULWHFKORULWRLG LV LQWHUSUHWHG WR UHSUHVHQW SHDNSUHVVXUH FRQGLWLRQV RIa


































' UHSUHVHQWV WKHGRPLQDQWGHIRUPDWLRQHYHQW FKDUDFWHUL]HGE\¿QDOQDSSH VWDFNLQJDQG
LVRFOLQDO IROGLQJ RQ DOO VFDOHV2ZLQJ WR LQWHQVH WUDQVSRVLWLRQ WKHPDLQ IROLDWLRQ LV D FRPSRVLWH
RI6DQG6) IROGV VKRZDZLGH VSUHDG LQSOXQJHDQGD]LPXWK IURP(6( WR:1:EHWZHHQ
WKH+RXLOOHU)URQWDQG WKH9DOJULVHQFKHDQG WKH\SOXQJH WR WKH:1:RYHU WKH UHVWRI WKHVWXG\
DUHD 7KH LQWHQVLW\RI WKHGHIRUPDWLRQGXULQJ' LQFUHDVHV IURPHDVW WRZHVWDV LV LQGLFDWHGE\
WKHSURJUHVVLYH WLJKWHQLQJRI)IROG/VWUHWFKLQJOLQHDWLRQVDUHRULHQWHGSDUDOOHO WR WKH)IROG










ZKLWH PLFD 7KLV ZKLWH PLFD SDUWO\ NHSW LWV RULJLQDO LVRWRSLF FRPSRVLWLRQ RYHU WKH HQWLUH +3
PHWDPRUSKLF F\FOH 7KHVH H[DPSOHV WRJHWKHU ZLWK SHWURORJLFDO DQG PLFURVWUXFWXUDO DUJXPHQWV
VXJJHVWWKDWIRUPDWLRQGHIRUPDWLRQDJHVFDQEHH[WUDFWHGIURPWKH$U$UDJHV)XUWKHUPRUHWKH










DW WKH WHFWRQLFFRQWDFWEHWZHHQ WKH5XLWRUXQLW DQG WKH=RQH+RXLOOqUHXQLW DQDJHRIa0D LV

















OLQHDWLRQV 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